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TITLE: Savanrmh River Site Salt Processing Alternatives Supplemental Environmental Impact
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CONTACT: For additional information on this CONTACT: For general information on
supplemental environmental impact statement DOE’s National Envirornnental Policy Act
(SEIS), write 0...11: ~PA) process, write or call:

Andrew R, Grainger, NEPA Compliance Officer Ms. Carol M. Bergstrom, Director
U.S. Department of Energy Office of NEPA Policy and Compliance
Savmah River Operations OffIce U, S, Department of Energy, EH42
Building 730-B, Room 2418 1000 Independence Avenue, S.W.
Aken, South Carolina 29802 Washington, D.C. 20585-0119
Attention: Salt Processing SEIS Telephone: (202) 586-4600 or
Local rmd Nationwide Telephone: leave a message at (800) 472-2756
(800) 881-7292
Email: nepa@,SRS.gov

The SEIS will be available on the intemet at: //tis.eh.doe.zov/neuddocs/dots.htm

ABSTRACT: DOE prepared this SEIS on alternatives for separating tie high-activity fraction from
the low-activity fraction of the high-level radioactive waste salt solutions now stored in uder~ound
ti at the Savarnmh River Site (SRS) near Aiken, South Carolina, The high-activity fraction of the
high-level waste (HLW) salt solution would then be vitrified in the Defense Waste Processing
Facility (DWPF) aud stored until it could be disposed of as HLW in a geologic repository. The low-
activity fraction wodd be disposed of as low-level waste (saltstone) in vaults at SRS.

A process to sepamte the high-activity and low-activity waste fmctions of the HLW salt solutions is
needed to replace the h-Th Precipitation (ITP) process which, as presently configured, carmot
achieve production goals and safety requirements for processing HLW. This SEIS analyzes the
impacts of constmcting and operating facilities for four alternative processing technologies – Small
Td Precipitation, Ion Exchange, Solvent Extinction, and Direct Disposal in Grout – and the No
Action Alternative. Solvent Extraction is DOE’s prefemed alternative. Sites for locating processing
facilities within S and Z Areas at SRS are identified.

Because replacing the ITP process consthutea a substantial change to the HLW salt processing
operation of the DWPF, as evalmted in a 1994 SEIS (DOE/SEIS-0082-S) to the 1982 DWPF EIS
(DOE/EIS-0082), DOE prepared this second SEIS to evaluate tie potential environmental impacts of
alternatives to the ITP process.

PUBLIC INVOLVEMENT: DOE issued the Draft Salt Processing Alternatives SEIS on March 23,

2001 and held a public comment period on the Drafi SEIS through May 14, 2001. hr prepting the
Final SEIS, DOE considered comments received via mail, fax, and electronic mail and tmnscribed
comments made at public meedrrgs held in North Augusta, South Carolina, on May 1, 2001, and
Columbia, South Carolina, on May 3,2001.
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Abbreviations for Measurements

m

~3

Pg

pm

mg

mg/m3

mem

rem

Y

“c

‘F

meter

cubic meter

microgam

micrometer

milligm

milli~ms per cubic meter

millirem

rem

year

degrees Celsius = 5/9 (degees Fahrenheit – 32)

de~ees FshreAeit = 32 + 9/5 (de~ees Celsius)
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Use of Scientific Notation

Very small and ve~ large numbers are sometimes written using “scientific notation” or “E-notation,”
rather than as decimals or fractions. Both types of notation use exponents to ind]cate the power of 10
as a multiplier (i.e., 10n, or the number 10 multiplied by itself “n” times; 10“n,or the reciprocal Of tbe
number 10 multiplied by itself “n” times).

For example: 10’= lox lox 10= 1,000

IO-3 = 1 = 0.001
10 X1OX1O

In scientific notation, large nmnbers are written as a decimal between 1 and 10 multiplied by the
appropriate power of 10:

4,900 is written 4.9 x 103= 4.9X 10x 10x 10= 4.9x 1,000 =4,900

0.049 is written 4.9x 10”2

1,490,000 or 1.49 million is written 1.49X 10’

A positive exponent indicates a number larger than or equal to one; a negative exponent indicates a
rnrmber less than one.

h some cases, a slightly different notation (“E-notation”) is used, where “X 10“ is replaced by “E”
and the exponent is not superscripted. Using the above examples:

4,900 = 4.9X 103= 4.9E+03

0.049 = 4.9X 10”2= 4.9E-02

1,490,000 = 1,49X 10’= 1.49E+06

S-ix
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Metric Conversion Chart

To convert into metric To convert out of metric

If you krrow Multiply by To get If you know Multiply by To get
!

Length

inches

feet

feet

yards

miles

Area

sq. inches

sq, feet

sq. yards

acres

sq. miles

Volume

fluid ounces

gallons

cubic feet

cubic yards

Weight

omces

pounds

short tons

Temperature

Fahrenheit

2.54

30.48

0,3048

0.9144

1.60934

6.4516

0.092903

0.8361

0,0040469

2.58999

29.574

3.7854

0.028317

0.76455

28.3495

0.4536

0.90718

Subtract 32 then
multiply by

5/9tbs

centimeters centimeters

centimeters centimeters

meters meters

meters meters

kilometers kilometers

sq. centimeters sq. centimeters

sq. meters sq. meters

sq. meters sq. meters

sq. kilometers sq. kilometers

sq. kilometers sq, kilometers

milliliters milliliters

liters liters

cubic meters cubic meters

cubic meters cubic meters

garns garns

kilograms kilograms

metric tons metric tons

Celsius Celsius

0.3937

0.0328

3.281

1.0936

0,6214

0.155

10.7639

1.196

247.1

0.3861

0.0338

0.26417

35.315

1.308

0.03527

2.2046

1.1023

Multiply by

9/5ths. then add

inches

feet

feet

yards

miles

sq, inches

sq. feet

sq. yards

acres

sq. miles

fluid ounces

gallons

cubic feet

cubic yards

ounces

pounds

short tons

Fahrenheit

“321

Metric Prefixes

Prefix Symbol Multiplication Factor
exa- E 1000000000000000 000= 10’8
peta-
tera-
giga-
mega-

kilO-
centi-
rnilli-
micrO-

picO-
femtO-

attO-

P 1000000000000 000= 10’5
T 1000000000 000= 10’2
G 1000000 000=109
M 1000 000= 10’
k 1 000= 103
c 0.01 = 10”2
m 0.001 = 10”3

P 0.000001 = 10”6
n 0.000000001 = 10”’

P 0.000000000001 = 10-’2
f 0,000000000000001 = 1o””
a 0.000000000000000001 = 10”’8

s-x
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Change Bars

Change bars beside text in this SEIS indicate a substantive
change from the Draft SEIS. If the change was made in
response to a comment received on the Draft SEIS, the
comment number is as listed in Appendix C. If the change
was a technical change made by DOE, the bar is marked
“TC,,>
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SUMMARY

S.1 Introduction

Nuclear materials production operations at
tie savannah River Site (SRS) Figure S-1)
resulted in the generation of lmge quantities
of high-level radioactive waste (referred to
as high-level waste or HLW). This waste
has been stored onsite in lwge under~ound
tanks. The U.S. Department of Energy
(DOE) built the Defense Waste Processing
Facility (OWPF) to convert this HLW to a
stable glass form suitable for dispossl in a
geologic repository. The DWPF has been
ouerating since 1996 to vitrify (i. e., convert.-
to glass) some of the HLW components.

To assist the reader in urrderstandlng techni-
cal terms used in this summary, those terms
have been bolded the first time they am
used and are discussed in Table S-8, Primer
of Tectilcal Terms, which is located at the
end of the Summary.

SRS HLW was generated as an acidic solu-
tion, then was chemically converted to m
alkaline solution for storage. In its alkaline
form it consists of two components: salt
and insoluble sludge. Both components
contain highly radioactive residues from
nuclear materials production. HadlOnu-

clides found in the sludge include fission
products (such as stiontiurn-90) and long-
lived actinides (such as plutonium). Radio-
nuclides forrnd in the salt component include
isotopes of cesiunr md technetium, as well
as some stiontium and actinides.

Dewatering the salt solution by evaporation,
which conserves tank space, converts the
salt solution to a solid srdtcake and a con-
centrated salt supernatant. As a fust step
to process the saft components, solid salt-
cske must be dissolved by adding water and
combined with salt supernatant to form a
salt solution. An important part of tie

DWPF system, as desiwed, was to then
separate the highly radioactive constituents
from the salt solution. The high-activity

fraction removed from the salt solution would be
vititied in DWPF, and the less radioactive con-
stituents, still in the salt solution, would be sta-
bilized with grout (a cement-like mixture), to

create a saltstone waste form for onsite disposal
as low-level radioactive waste (LLW).

The process DOE selected in 1994 to separate
the high-activity fraction from the salt solution is
known as In-Tank Precipitation (ITP). This pro-
cess was desi~ed to be carried out primsrily in
one of the under~ound HLW storage tanks with
a 1.3-milliOn-gallOn capacity. An inorganic
sorbent, monosodium titrmate, was to be used
to remove radioactive strontium and actinides
from the salt solution. An organic reagent, sO-
dium tetrapbenylborate, was to precipitate ra-
dioactive cesirnn from the salt solution. The ITP
process included washing and filtration steps to
separate the solid phases that contain tkese ra-
dioactive materials.

The reagent used to precipitate cesiunr in tie
ITP process, sodium tetiaphenylborate, is sub-
ject to catalytic ad radiolytic decomposition.
Decomposition of tetraphenylborate retnrns the
cesiurn to the saft solution, and results in tke
generation of benzene. Benzene is a toxic,
fl-ble, and potentially explosive organic
substance that must be sately controlled.

To achieve the objectives of the lTP process, the
decomposition of tetiphenylborate had to be
controlled to minimize: (1) the amount of pre-
cipitated cesium that is returned to the saft sohr-
tion, and (2) the amount of benzene generated.
The ITP process was designed to accommodate
some tetraphenylborste decomposition and to
limit benzene accumulation. Startup testing of
the ITP facifity in 1995 generated benzene in
much greater quantities than had been antici-
pate~ based on calculations and laboratory ex-
periments, In March 1996, ITP startnp opera-
tions were suspended in order to develop a better
understanding of the fI’P startup process chem-
ishy. DWPF continues to process and vitifjf
HLW sludge.

LI-2
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Figure S-1. Savannah River Site map with F, H, S, and Z Areas highlighted.
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Radionuclides

Cesium (Cs)

Cesium-137 (half-life 30years), Cs-135(half-life 21.3million years), and Cs-l34 (half-life2 years) are
the principal radioactive isotopes of this element present in the HLW tanks at SRS.

Plutonium (Pu)

Plutonium is a man-made, radioactive element in the actinide series. Pu-238 (half-live 88 years) and
Pu-239 (half-life of24,000 years) are the principal radioactive isotopes ofthls element present in the
HLW tanks at SRS.

Strontium (Sr)

Strontium-90 (half-life 29 years) is the principal radioactive isotope of this element present in the HLW
tanks at SRS.

Technetium (Tc)

Technetium is a man-made, radioactive element. Tc-99 (half-life 200,000 years) is the principal radio-
active isotope of this element present in the HLW tanks at SRS.

Uranium W)

Uranium is a long-lived radioactive element in the actinide series. U-235 (half-life 700 million years)
and U-238 (half-life 4 billion years) are tbe principal radioactive isotopes of this element present in the
HLW tanks at SRS.

In Aumst 1996. the Defense Nuclear Facilities DOE must develop a technolow to safely oro-
Safety Board (DNFSB), m independent over-
sight board chartered by Con~ess to review
operations at DOE nuclesr defense facilities
md make recommendations necess~ to pro-
tect public heafti and safety, recommended
that planned large-scale testing of the ITP pro-
cess not proceed fruther until DOE had a bet-
ter understanding of how benzene was gener-
ated ad released during the precipitation
process. In response to the DNFSB recom-

mendation, DOE initiated an extensive chem-
istry pro- to better understand the bemene
generation md release processes. In Jammry
1998, DOE determined that 3TP, as desi~ed,
could not meet production goals and safety

requirements (hat is, the satisfactory separa-
tion of radionuclides from HLW salt solution)
without excessive tctraphenylborate decompo-

sition.

cess the salt component of the--HLW sto~e”dat
SRS. Such a technology is a crucial prerequi-
site for placiug the salt component in a con-
figuration acceptable for safe disposal. DOE
has prepared this Supplemental Environmental
Impact Statement (SEIS) to ensnre that the
public md DOE’s decisionmakers have a
thorou~ mrderstidmg of tie potential envi-
ronmental impacts of the design, cons-ction,
and operation of alternative technologies for
salt processing before one technology is cho-
sen. This Snmmary provides a brief descrip-
tion of the HLW processing technology at
SRS, describes the National Environmental
Policy Act (NEPA) process that DOE is using
to aid in decisionmaking, snmmarizes the salt
processing alternatives, and outiines the msjor
conclusions about environmental impacts, ar-
eas of controversy, and issues that remain to
be resolved as DOE proceeds with selection of
a srdt processing technology.
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High-LevelWaste Management System

The underground storage tanks are one of seven interconnected PtiS of the HLW ~nagement system at SRS, as fOl-
10W5

. HLW storage and evapomtion in the F- and H-&ea Tank Farms

● Sludge processing in the Extended Sludge Processing Faciliw

. Salt processing through the lTP process, including the Late Wash Facilities (inactive, as desctibed in the text)

. HLW vitrification in DWPF

. Solidification of low-activity dt solution in the Saltstone Manufacturing and Disposal Facility

● Wastewater treatment in the Effluent Treatment Facility

. Organic deswction in the Consolidated Incineration Facility (CIF) (inactive, as described in the text).

CIF operations were suspended in October 2000. DOE expects to make a decision on the future of CIF operations by
April 2002.

S.2 Technology Review and theITP process. Tlris evaluation was done and,

Selection of Alternatives
in October 1998, WSRC presented its recom-
mendation of alternatives to DOE. WSRC rec-

to be Evaluated

DOE evaluated the potential impacts of con-
stmcting and operating DWPF in a 1982
environmental impact statement (DOE/’EIS-
0082; Final Environmental Impact State-

ment, Defense Waste Processing Facili~).

h 1994, DOE published a SEIS to document
and evaluate changes in the process pro-
posed after the 1982 EIS was issued. The
Record of Decision for the SEIS (60 FR
18589; April 12, 1995) announced that DOE
would complete the construction and startup
testing of DWPF and would use the ITP
technology for salt processing after satis-
factory completion of startup testing.

As described above, after evaluating the ITP
process in one of the large rrndergound
waste tanks, DOE determined that ITP, as
desi~ed, could not meet both safety re-
quirements and production goals. bJanu-
ary 1998, DOE determined that it must
therefore select an alternative technology for
HLW salt processing.

In response, Westin@Oirse Savarrnah River
Company ~SRC), the SRS operating con-
tractor, recommended to DOE that a sys-
tematic evaluation be conducted to identi~
viable salt tieatxnent technologies to replace

omrnended four technologies for further consid-
eration. Small Tank Tetraphenylborate Pre-
cipitation, CrystaRine Silicotitanate Ion Ex-
change, Caustic Side Solvent Extraction, and
Direct Disposal (of cesium) in Grout. kr early
1999, following review of the recommendation
by DOE and independent reviewers, DOE de-
cided to pnrsue three of the fow candidate alter-
natives for replacement of the ITP process. Sol-
vent Extraction was dropped from consideration
at that time because it was considered techni-
cally imture. DOE restored Solvent Extinc-
tion to the list of potential alternatives in Febrrr-
ary 2000, based on recommendations from the
Natioml Academy of Sciences (NAS) snd new
research and development restits.

hr response to a June 1999 request from the Un-
der Secretary of Energy, the National Research
Council of the NAS cornnrissiorred a committee
to provide an independent technical review of
alternatives for processing the HLW salt sOlu-
tions at the SRS. The review was conducted by
a committee composed of experts in the fields of
nuclear reactor and feel cycle technology, nu-
clem chetistry and separations, environmental
sciences, and nuclear waste disposal. The final
Council Report in October, 2000 endorsed in
general the selection of the four candidate prOc-
esses considered as alternatives for salt disposal,
concluding that each of the processes was po-

re
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tentially appropriate and no obvious major

processing options were overlooked, Rec-
onrrnendations for addressing the technical

uncertainties associated with each of the
alternatives were identified, with schedule
constraints and potential regulatory restric-
tions noted,

In connection with the October 2000 report,
DOE asked the National Research Council
to provide a follow-on assessment of DOE’s
efforts to evaluate and select a process for
separathg radionuclides from soluble high-
level radioactive waste at the Savannah
River Site, A second NAS conrmittee was

appOfited and tasked to: (1) ev~nate the
adequacy of the criteria DOE used to select
from among the candidate processes waler
consideration; (2) evahrate the progress and
restits of the research and development
work DOE mdertook on the candidate proc-
esses; and (3) assess whether the technical
uncertainties were sufficiently resolved to
proceed with downsizing the list of candi-
date processes,

The second NAS committee issued an in-
terinr report in March 2001, which onfy ad-
dressed the fnst task. The committee’s in-
terim evaluation concluded that DOE’s se-
lection criteria were reasonable arrd appro-
priate and were developed in a transparent
way, while also concluding that some of the
criteria did not appe= to be independent of
others, and some criteria appeared mdikely
to discriminate among the process altern-
atives.

The second NAS committee issued a fml
report in June 2001 (Research and Devel-

opment on a Salt processing Alternative for
High-Level Waste at the Savannah River
Site). The report concluded that “the com-
mittee believes that technical uncertainties
have been resolved sufficiently to proceed
with downselecting the list of cmdidate pro-
cesses.” The report noted that “Udess tests
with actual waste encounter new problems,
tbe (Caustic Side Solvent Extraction) option
for cesium separation presents, at present,

the fewest technical ~certainties of any of the
three cesimrr separation alternatives.”

S.3 Purpose and Need for Action

The ability to safely process the salt component
of the HLW stored in underground storage tanks
at SRS is a cmcial prerequisite for completing
HLW disposal. Without a suitable method for
salt management, DOE would not be able to
place the HLW in a configuration acceptable for
safe disposal. Thus, DOE must identify and im-
plement one or more technologies to prepare the
SRS HLW salt component for disposal. The
new technology must be compatible with exist-
ing facilities and processes for BLW storage and
vitrification and for LLW disposal at SRS.

DOE reco~zes that if salt processing is delayed
beyond 2010, the salt waste must be vitrified
separately from the sludge component of the
HLW, and the total number of HLW canisters
would be increased over that projected for con-
current sludge and salt waste vitrification.

Preliminary projections indicate that, if the salt
processing initiation date of 2010 is not met,
then the potential exists that up to 150 additional
canisters (salt-onfy) per year would have to be
produced for every year startup is delayed be-
yond 2010. The cost for additional canister pro-
duction would be about $300 million per year.
h the event sludge processing were to be com-
pleted prior to the initiation of salt processing, it
would take 13 years (at 150 canisters per year)
to process all of the salt waste at an approximate
cost of $4 billion in addition to the cost of con-
struction and operation of the srdt processing
facility. (These costs do not include federal re-
posito~ costs for transportation and disposal).

S.4 NEPA Process

Inparallel with development of the WSRC rec-
onnrrendations on alternative technologies, DOE
prepared a Supplement Analysis in accordance
with the Department’s ~PA regulation (1 O
CFR 1021) and made it available to the public.
Based on the Supplement Analysis, DOE de-
cided to prepare this second SEIS on DWPF and

TC
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tional changes will si~ficantly alter how
the HLW salt is processed from that de-
scribed in the original EIS and the 1994
SEIS. This second SEIS evaluates the po-
tential environmental impacts of designing,
constructing, rmd operating a salt processing
technology to replace the ITP process. The
SEIS also considers the impacts of a No Ac-
tion alternative.

HLW Tank Closure
DOE, the U.S. Environmental Protection
Agency (EPA), and the South Carolina De-
partment of Health and Environmental
Control (SCDHEC) have agreed to a sched.
ule for closore of the HLW tanks. DOE
must close the tanks in accordance with ap
plicable laws, regulations, DOE Orders, and
the Induswial Wactewater Closure Plan for
F- and H-Area High-Level Waste Tank
.SYsrems. Bulk waste must he removed frorr
the tanks before closure carr hegin. Withoul
a salt processing alternative and with con.
tinued sludge-ordy vitrification in DWPF
HLW storage requirements will be such tha
DOE may not be able to empty tanks and
therefore, afier about 2010, tank closurt
commitments may not be met. DOE ha:
prepared the Savannah River Site High
Level Waste Tank Closure Draft Environ
mental Impact Statement (DOE/EIS-0303D
November 2000), to evaluate the impacts o:
tarrk closure alternatives. DOE plans to is
sue the Tank Closure Final EIS in late 2001,

NEPA provides Federal decision-makers
witi a process to use when considering tie
potential environmental impacts of proposed
actions and alternatives. This process also
provides several ways the public can be in-
formed about and influence the selection of
arr alternative,

On Febmary 22, 1999, DOE announced irr
the Federal Re&”ster its intent to prepare a
Supplemental Environmental Impact State-

ment for Alternatives to the In-Tank Pre-

cipitation Process (64 FR 8558). To more
accurately describe the process, DOE has
since retitled this document as the Salt Proc-
essirrg Alternatives SEIS,

DOE encouraged SRS stakeholders snd other
interested parties to submit corrrments and sug-
gestions for the scope of tie SEIS. DOE held
scoping meetings on the SEIS in Columbia,
South Carolina, on March 11, 1999, srrd in
North Augosta, South Carolina, on March 18,
1999. DOE received four comment letters, one
cornrnent e-mail, one recommendation from the
SRS Citizens Advisory Board, and 59 oral
comments at tie public scoping meetings. DOE
identified about 90 separate comments irr these
submittals and presentations. DOE considered
comments received during tie scoping period in
preparing this SEIS. DOE’s responses to the
scoping comments were included in the Drafi
SEIS and are not repeated here. The scoping
comments focused on eight areas:

.

.

●

✎

✎

●

●

●

Alternative processing technologies

Direct Disposal in Grout vault desi~

Quantities of radioactive materials disposed
in grout

Description of the No-Action alternative

HLW tsrrk space utilization

Research and Development activities

cost

Schedde

A Notice of Availability for the Draft SEIS was
published in the Federal Register on March 30,
2001 (66 FR 17423). Public meetings to discuss
and receive comments on the Drsfi SEIS were
held at the North Augusta Cornrmmity Center in
No& Augusta, South Carolina, on May 1,2001,
and at the Holiday hrn Coliseum in Cohnnbia,
South Csrolina, on May 3, 2001. The public
comment period ended May 14, 2001.

hr the public meetings nine individuals com-
mented on the Draft SEIS. During the 45-day
cornrnent period DOE received 12 letters com-
menting on the Draft SEIS.
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Most commenters were concerned about
four major topics:

●

✎

✎

●

No Action alternative

Direct Disposal in Grout alternative

Waste Management

Criteria for selection of the prefemed
alternative

The major points made during the public
comment period and DOE’s responses are
mmmarized below.

No Action Alternative

Commenters questioned the description of
the No Action alternative and its impacts.
They generally expressed the opinion that
the long-term impacts of No Action would
be more severe than DOE portrayed qualita-
tively irr the Draft SEIS and asked that the
No Action alternative be modified and the
long-term impacts be urralyzed quantita-
tively. Seveml commenters suggested that
DOE evaluate a scenario that assumed no
salt processing alternative could be devel-
oped, arrd evaluate the impacts of leaving
salt waste in HLW tuuka util the eventual
failue of the tanks.

Response: DOE has revised the analysis of
the No Action dtemative to provide a more
quantitative evaluation of the impacts over
the long term. DOE added text to the SEIS,
and data to the appropriate tables, to com-
pare the long-term impacts of No Action tn
the Iong-tem impacts of the action altern-
atives. DOE evalnated the impacts of tie
eventual release of tank contents to the envi-
ronment under a tarrk overflow scenario, aud
the consequent health impacts tn a person
drinking contaminated water from on-site
streams and the Savamah River. DOE also
addressed the radiation exposure that could
restit from extemul exposure to contami-
nated soil.

Direct Disposal in Grout Alternative

Several commenters questioned the implemen-
tation of the Direct Disposal in Grout alternative
because, in their view, it would result in dispnsal
of HLW at the Savsrmab River Site. Other
commenters asked about DOE’s discussions
about the Direct Disposal in Grout alternative
with the U.S. Enviromnental Protection Agency
aud the South Carolina Deparhnent of Health
and Environmental Control.

Response: DOE describes the process for de-

termining whether waste is waste incidental to
reprocessing in Section 7.1 of the SEIS. The
waste incidental to reprocessing “malysis wodd
be applied to any salt processing alternative hat
DOE selects for implementation. If the waste
were to meet the waste-incidental-to-
reprocessing criteria, it could be muuaged as
low-level waste or as tmnsumnic waste depend-
ing on the nature of the waste. DOE expects that
the waste generated ~der the Direct Disposal in
Grout alternative would be managed as low-
level waste. DOE has had prelimina~ discus-
sions with the South Carolina Department of
Health and Environmental Contiol (SCDHEC)
at the staff level. SCDHEC conveyed to DOE
during those discussions that, as long as DOE
followed the waste incidental to reprocessing
determination process, SCDHEC would fmd the
Direct Disposal in Grout alternative to be ac-
ceptable in principle.

Waste Management

Commenters asked how wastes that would be
generated by the alternatives, particularly ben-
zene and solvents, would be managed.

Response: Waste generating that would result
from implementation of each of the alternatives
is described in Tables 4-18 and 4-19 of the Sup-
plemental EIS. Cnrrently, irrcinemtion is con-
sidered the best available treatment technology
for benzene and other orguuic liquid wastes.
DOE expects that these wastes would be dis-
posed of by irrcinmation. DOE has not yet de-
termined whether the Consolidated incineration

TC



T(

DOEiEIS-O082-S2

Summary June 2001

Facility, a portable vendor-operated facility,
or a suitable offsite facility would be used
forincineration of these wastes. DOEpre-
viously considered the impacts of benzene
incineration in the November 1994 Defense
Waste Processing Facili@ Final Supple-

mental Environmental Impact Statement

(DOE/EIS-0082-S).

Criteria far Selection of the Preferred
Alternative

Several commenters asked about the criteria
DOE would use to select the preferred salt
processing technology, and several com-
menters were especially interested in cost as
a criterion.

Response: hr addition to reviewing the re-
sults of research and development work on
the alternative technologies, DOE evaluated
each alternative against tie following crite-
ria: cost, schedule, technical maturity, tech-
nology implementability, enviromnental
impacts, facility interfaces (with existing
SRS facilities), process simplicity, process
flexibility, and safety. DOE has revised the
SEIS (at Section 2.8,3) to incorporate the
latest approximate range of costs tlrrough
constmction for each of the alternatives.
DOE does not consider the cost estimates
available at this time to be reliable enough to
be a si@ticant discriminating factor for
decision-making.

The NAS National Research Cormcil Com-
mittee on Radionuclide Separation Processes
for High-Level Waste at the Savarmah River
Site was given the opporhmity to comment
on this Final SEIS, The Committee chose
not to comment on the Final SEIS, but in-
stead to comment on the separation altern-
atives in its report to DOE, which was sub-
mitted on Jrme 4, 2001,

S.5 Decisions to be Made

DOE has completed laboratory research and
development activities, DOE has evaluated
the results of the studies and has identified

the caustic side solvent extinction technology as
the prefened alternative in this Final SEIS. No
sooner than 30 days after EPA publishes a No-
tice of Availability of this Final SEIS, DOE will
select a salt processing technology and issue a
Record of Decision. DOE will constmct and
operate a Pilot Plant of the selected technology
and then produce a final design of the facility to
implement full-scale operation of the selected
technology.

S.6 Site Selection

WSRC prepared a site selection study to identi&
a suitable location in S or H Areas at SRS for the
conatmction and operation of a salt processing
facility. The study sought to optimize siting for
facility-specific engineering requirements, sen-
sitive environmental resources, arrd applicable
regulatory requirements. The goal of the study
was to evaluate alternative sites for building and
support facilities for the Small Tank Precipita-
tion technology, the Ion Exchange technology,
or the Solvent Extraction technology.

Siting of the salt processing facility would be
constrained by an operational requirement that it
be located near the HLW processing facilities (in
F, H, and S Areas; see Figure S-1). Irr order to
transfer materials from the proposed salt proc-
essirrg facility to DWF’F, the salt processing fa-
cility must be located witbin 2,000 feet of
DWPF or of an auxiliary pmping facility, This
constraint identified general areas suitable for
siting the facility. Thirteen areas with sufficient
acreage for the buildings, constmction laydown,
and support facilities were identified. Evalua-
tions of these areas resulted in the identification
of four candidate sites (A, B, C, and D) in
S Area (Figure S-2). Site A was excluded be-
cause of its potential to interfere with the exparr-
sion of an existing facility and the possible par-
tial intmsion into a known waste unit. A com-
parative analysis of the remaining sites provided
a suitability ranking based on geologic, ecologic,
human health, and engineering considerations.
Overall, Site B mnked higher than Sites C or D,

although no notable differences were identified
between the four sites on geologic, ecologic, or
hrmran health ~ormds.

I TC
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Figure S-2. Potential saltprocessing facility sites.
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Because there were no notable differences
and Site B was representative of the four
candidate sites, DOE assumed for purposes
of analysis and comparison that facilities for
the Small Tank Precipitation, the Ion Ex-
change, or the Solvent Extinction technolo-
gies would be located at Site B br S Area.

The Direct Disposal in Grout technology
was not considered in the siting study be-
cause tie gout manufacturirrg facility would
be located in Z Area, near the saltstone
vaults and existing infrastructure that cotid
support gTout production. Figure S-3 shows
the location of the Direct Disposal in Grout
processing facility and tie saltstone disposal
vaults that would be constructed and oper-
ated under any of the action alternatives.

S.7 DOE’s Proposed Action
and the Alternatives

DOE proposes to select a salt processing
technology and to design, constmct, and
operate the facilities required to process
HLW salt. The new technology must be
compatible with existing facilities and proc-
esses for HLW storage and vitrification and
for disposal of LLW at SRS,

This SEIS describes and assesses the poten-
tial environmental impacts of the cOnstmc-
tion and operation of facilities to implement
each of four process alternatives for HLW
salt processing to replace the ITP process.
Each of these action alternatives could ac-
complish the purpose and need for action, irr
contrast to the No Action alternative, which
does not include a method for salt process-
ing.

DOE, with the help of independent experts,
has performed research on each of the three
cesirrm-removal technology alternatives to
establish the technological risk involved in
implementing each alternative, Independent
review teams (i.e., Independent Project
Evacuation Team, the Technical Advisory
Tea~ and the Natioml Academy of Sci-
ences), comprised of independent experts
and subject matter experts, reviewed the re-

S-lo

suits of DOE’s research. The final conclusion
supports the technology selection and the identi-
fication of the preferred alternative. The SEIS
assesses the potential environmental impacts of
each alternative, wh]ch are detailed in Chapter 4,
and compared in Section 2.9. hr addition to, and
in consideration of this research, analysis, and
independent review, DOE conducted a fml
management review that comparatively evalu-
ated each of the alternatives against a list of cri-
teria that included cost, schedule, technical mat-
urity, technology implementability, environ-
mental impacts, facility interfaces, process sim-
plicity, process flexibility, and safety. On the
basis of tfris f~l review, and subsequent DOE
senior management validation, DOE has identi-
fied the solvent extraction technology as the pre-
ferred alternative.

Solvent Extraction was selected as the preferred
salt processing alternative primarily because it
presents the least technical risk for successfully
removing cesirmr from radioactive waste. Al-
though Solvent Extraction uses a complex four-
component solvent systew laboratory testing
has shown that component concentration and
process flow can be maintained to effectively
remove cesimn from the wastes, Other key
strengths identified for tie Solvent Extraction
technology include: (1) maturity of and experi-
ence within the DOE Complex for processing
nuclear material; (2) simplicity with which the
Solvent Extraction product stieam could be in-
corporated into the current Defense Waste Proc-
essing Facility vitrification process; and (3) the
ability to rapidly start up and shut down the Sol-
vent Extraction centrifugal contractors. Solvent
Extraction is Comparable to the other action al-
ternatives with regard to short-term arrd

term environmental impacts.

S.7.1 NO ACTION ALTERNAT~

Under the No Action alternative in the
term, DOE would continue current HLW
agement activities, including tarrk space

10ng-

near-
man-
man-

a~ement, without a process-for sep~ting the
high-activity and low-activity salt fractions.
D~F would vitri~ only sludge from the HLW
tanks. Saltcake and salt supematant wotid be
stored in the HLW tanks and morritoring activi-
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ties would continue. Tank space would

continue to be managed to ensure adequate
space to meet safety requirements and clo-
sure comrrritrnents. Current tti space

management projections indicate that, after
2010, additional tank space would be needed
to support continued operations ~der the
No Action alternative.

DOE reco~zes, however, that without a

salt processing technology in place, current

HLW storage operations cannot contirme

indefinitely. DWPF operations result in

large vohunes of waste, mostly water, that is

returned to the HLW tardcs. DOE .s.s

evaporators to substmtially reduce this vol-

mne but, until a salt processing alternative is

on-line, DWPF operation will increase

rather tiarr decrease the volume of HLW

that must be stored in the tanks.

To maintain ti space until about 2010,

tank space management under the No Action

alternative would include tie following ac-

tivities intended to enhance storage capacity

in the HLW ttis:

●

●

✎

✎

●

Continue to evaporate water from liquid
waste

Convert k-T& Precipitation (ITP)
processing Tardcs 49 and 50 to HLW
storage

Reduce tie DWPF low-level liquid
waste stiearrr sent to the Td F-s

Implement several activities to gairr

small incremental storage volmnes (e.g.,
optimize washwater use at Extended
Sludge Processing)

As 2010 auuroaches, reduce the avail-. .
able emergency space in the T4 Farrrrs
(presently 2,600,000 gallons) while
maintaining the rninimrrrrr emergency
space required by the Authorization Ba-
sis for safety (1,300,000 gallons),

As soon as DOE were to determine that a salt
processing facility would not be available by
2010, decisions about additional tank space
would have to be made. The course of action
that DOE would follow cannot be predicted at
this time, but available options may include the
following, either indlvidaally or irr combination.

1,

2,

3.

4.

5

Identi& additional ways to optirrrize tank
farm operations

Reuse tarrks scheduled to be closed by 2019

Build tanks petitted under wastewater
treatment regulations

Build tanks permitted under RCRA regula-
tions

Suspend operations at DWPF.

S.7.2 SALT PROCESSING
ALTERNATIVES

Corrrrnon features of all processes include initial
sep-tion of low-concentration soluble radioac-
tive stiontiunr and actinides (including pluto-
nium) by sorption (Table S-1) onto ganular
solid monosodimrr titnrrate (MST), followed by
filtration. The essential difference among the
alternatives is the technology for removal of the
relatively high concentrations of radioactive ce-
sium, except for tie Direct Disposal in Grout

alternative, in which cesirun would not be re-
moved. The final waste fores are similar for
each of tie other action alternatives with the
high-activity salt fraction extracted from the salt
and incorporated into the vitrified waste form for
eventual repository disposal, aud the low-
activity salt fraction immobilized as salt stone
for onsite disposal,

In the Direct Disposal in Grout alternative, al-
though the high activity salt solution wordd also
be vitrified for eventual repository disposal, the
cesiurn would remain irr the fraction irrrrnobi-
lied as saltstone for onsite disposal. A diagam
and an overview comparing the process phases
for the salt processing alternatives are presented
in Figure S-4 and Table S-1, respectively.
Greater detail is provided irr Appendix A, Tech-
nology Descriptions.

TC
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nSludge
Comwnent

a m,
Recombined to Form Salt Solution

I
k, ------------ ------------- ------------- ------------- ---

: Actrnties evaluated In this SEIS I
ialt processing Activities I,

strontium and Acdnide removal
from salt soltion

~-

~Yes

Altomatives for Ceslum Separation:
. Small Tank Precipitation’
. Ion Exchange
. Solvent Extraction

~

“n;Direci D1sposai :
In Grout .

. . . . . . . . . . . . . . . . . . . . . . . . . . .,

—+ ~*”............................
1Note For the Small Tank Precipitation

Aiiemative, strontium, atinides,
and =Sium are all removed at
the same time.

mm

Figure S-4. Process Flow for High-Level Waste at the Savannah River Site.
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Table S-l. Comparison ofsaltprocessing alternatives.

Process stages

Strontium and actinide Cesium removal

Salt processing (Pu) removal from salt from salt Final waste form

alternatives solution solution DWPFglass(HLW) Saltstone(LLW)

Small Tank MST smption TPB Precipita- MST~PB solids Low-activity

Precipitation tion salt solution

Ion Exchange MST sorption CST Ion Ex- MST solids, CST Low-activity

change resins salt solution

Solvent Extrac- MST sorption Organic extrac- MSTsolids, aqueous Low-activiSy

tion tant cesium solution salt solution

Direct Disposal MST sorption None MST solids only Cesium salt so-

in Grout lution

MST = Monosodium Titanate, CST = Crystalline Silicotitanate, TPB = Tetraphenylborate, HLW = high-level
waste, LLW = low-level waste.

DOE believes that it wodd be able to demon-
stmte that the low-activity salt fraction prOc-
essed under any action alternative could ap-
propriately be managed as LLW under the
waste incidental to reprocessing criteria in
DOE Manual 435.1-1 (which provides proce-
dures for implementing DOE Order 435.1,
Radioactive Waste Mmagement). The waste
incidental to reprocessing determination proc-
ess is described in detail in Chapter 7.

S.7.2.1 Small Tank Precipitation

The Small Tauk Precipitation altertmtive
would use the same chemical reaction as ITP
(i.e., tetraphenylborate precipitation) to re-

move the radioactive cesium from the HLW
salt solution. However, the process would be
conducted as a continuous operation using a
small, temperature-controlled reaction vessel
to inhibit tetraphenylborate decomposition and
benzene generation. The vessel and operating
conditions wodd be desi~ed to minimize
benzene emissions and flannnability hazards
by maintaining m inert gas (nitrogen) atmos-
phere witbiu the reaction vessel.

Radioactive cesimn would be sepurated from
the salt solution by precipitation as au insolu-
ble tetraphenylborate solid. Radioactive
stiontium aud actinides would be removed
concurrently by sorption onto a ~anular solid,
monosodium titanate, These solids wotid be

separated from solution aud concentrated by
filtration, then treated chemically to decom-
pose the tetraphenylborate precipitate ad re-
move the benzene formed. The solids sl~
containing the separated radioactive constitu-
ents would be transfemed to DWPF for vitrific-
ation. The low-activity salt fraction would be
transferred to the Saltstone Manufactnr’ing and
Disposal Facility for disposal as gout in
onsite vaufts.

S.7.2.2 Ion Exchange

The Ion Exchange alternative would use crys-
talline sificotitanate resin in ion exchange
COIUS to separate cesium from the salt sOlu-
tion. The salt solution would pass through
large stainless steel ion exchange COIUS
tilled with the ion exchange resin to react the
cesiurn with the resin. Treatment of the solu-
tion with monosodlunr titanate to separate
strontium and actinides, aud filtration to re-
move those solids and residual sludge, would
be necessury prior to separating the cesium to
prevent plugging tie ion exchange COIUS.

Both the monosodium tita,uate solids aud the
cesium-loaded crystalline silicotitanate resin
would be tmnsfemed to DWPF for vitrifica-
tion. The low-activity salt solution would be
transferred to the Saltstone Manufacturing and
Disposal Facility for disposal as gout in
onsite vaults.

L6-21

L6-21
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Benzene Control for Small Tank Precipitation

Several important features have been incorporated into the design of the Small Tank Precipitation altern-
ative to avoid the benzene production problems encountered in the origiml ITP process.

Small Tank Precipitation m

Continuous, small volume process Batch proces$ very large volume

Temperature-controlled process vessels Limited temperature control

Continuous agitation Intermittent agitation

Shori processing time (hours) Longer processing time (months)

Presmre-tight process vessels for effective nitrogen gas inerting Incomplete nitrogen gas inerting

The Ion Exchmge process would resdt in S.7.2.4 Direct Disposal in Grout
the accumulation of as much as 15 million
curies of radioactive cesium on the resin
inventory witbin the process cell. This ra-
dioactive loading would necessitate stringent
shielding requirements and operational con-
trols because of high radioactivity, high heat
generation, and the generation of hydrogen
and other gases.

S.7.2.3 Solvent Extraction

The Solvent Extraction alternative would
use a highly specific organic extraetant to
separate cesirrm horn the HLW salt solution.
The cesiurn would be transferred from the
aqueous salt solution into an insoluble or-
gtic phase, using a centrifugal contactor to
provide high stiace area contact, followed
by centrifugal separation of the two phases.
RecoveW of the cesiurn by back extraction
from the organic phase into a secOn*

aqueous phase would generate a concen-
trated cesiurn solution for vitrification in
DWPF. Before separating cesium from the
salt solution, monosodium titanate wodd
separate soluble stiontium and actinides
followed by filtration to remove those solids
and residual sludge. This pretreatment
would be required to meet sdt solution de-
contamination requirements md avoid inter-
ference irr the solvent extraction process.
The monosodinrn titanate solids wodd be
tiamferred to DWPF for vitrification along
with the concentrated cesium solution. The
low-activity salt solution would be trms-
ferred to the Saltstone Manufacturing md
Disposal Facility for disposal as gout in
onsite vaults.

The fust three technologies considered in this
SEIS remove cesium from the salt solution for
eventual disposal, along with the high-activity
fraction, as HLW. Under the Direct Disposal in
&out alternative, the HLW salt solution would
be disposed onsite as saltstone without separa-
tion of radioactive cesium. Prior to sOlidi&lng
the salt solution as gTorrL monosodium titanate
would be used to remove the stiontium and acti-
nides to meet saltstone waste acceptance criteria
as LLW. The monosodium titmte SIW would
be transferred to DWPF for inco~oration into
HLW glass.

After the monosodlmn titanate treatment, the
clarified salt solution wodd be combined with
flyasb, cement and slag in a grout mixer for
disposal in the saltstone vaults. The resulting
saltstone wordd have radionuclide concentra-
tions less than Class C LLW, but would exceed
Class A limits, as defined in NRC regulations at
10 CFR 61.55. These waste classifications are
not genemfly applicable to DOE-generated
LLW. However, the NRC classification system
is used in this SEIS to describe differences in the
waste form because DOE Manurd 435.1-1 es-
tablishes a process for *g waste incidental
to reprocessing deternrirratiom using the NRC
Classification System at 10 CFR 61.55. The
current saltstone perrni~ which was issued by
SCDHEC under its State wastewater authority,
authorizes disposd of wastes with radionrrclide
concentrations comparable to Class A LLW.
Under the permit, DOE must notify SCDHEC if
the cbnracteristics of wastes irr saltstone vaults
would change, as wodd be the case with the
higher level of radioactivity in the final waste

TC
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form under the Direct Disposal in Grout al- saltcake is dissolved) within about 13 years after

temative. facility startnp. The throughput of all action

alternatives is limited to 6 million gallons per

S.7.3 PROCESS INPUTS AND year due to physical constraints on removing

PROCESSING waste from the waste tanks. It is important to
REQUIREMENTS process the salt waste concurrent with process-

ing the HLW sludge so that the high-activity
Desi~ of salt processing facilities depends fraction of the HLW salt can be vitrified with the
on specifications of processing require- sludge fraction irr DWPF. If salt processtig is
ments, including process tiput and product delayed so that salt waste must be vitrified sepa-
output. Vo~umes of input smeams and re- rately, the total number of ~W canisters would
quirements for their processing to final be increased over that projected for concurrent
forms are summarized in Table S-2. The sludge-salt waste vitrification. Vitrification of
specified capacities of the process facilities salt-ordy canisters would add about 150 glass
would maintain an average processing of waste barristers per year. About 1,100 sludge-
about 6 million gallons of waste salt solution only canisters had been produced through May
per year at 75 percent attainment. This 2001. Vitrification of the combined HLW
processing rate would allow complete proc- sludge arrd salt would produce about 5,700 glass
essirrg of about 80 million gallons of salt waste canisters.
solution total (approximate vohrme after the

Table S-2. kputs and processing requirements for the salt processtig alternatives.
Alternative

Small Tank Ion Solvent Direct Disposal

TC

L6-23

TC

TC

Precipitation Exchange Extraction in Grout

6.9 6.9 6.9 6.0Required processing rate
(million gallons per year)”

Long-term average throughput
of salt solution (million gal-
lons per year)’

Throughput limitation

L6-23

L6-23
6,0 6.0

Salt removal rate
from waste tanks

6.0 6.0

Salt removal rate
from waste tanks

4.0

Salt removal rate
from waste tanks

4.0

Salt removal rate
from waste tanks

3,9Number of years for constmc-
tion of process facilities

Number of yea~ for startup
testing

Number of yearr of facility op-
erations

Plarmed canister production per
yearb

Canisters producedb

Additional vaults for Class A
waste

Additional vaults for Class C
wasted

4,2

1.3 1.3 1.3 1.3

13 13 13 13

225 (average)225 (average) 225 (average) 225 (average)

=5,700

13

=5,700
15’

=5,700
o

=5,700

16

0 0 130

a. The required processing,rate for tie salt processing facilities exceed the long-term avenge to allow for downtime when
DWPF is in an outage, except for the Direct Disposal in Grout facility which can operate at the required salt removal L6-23
rate even when DWPF is not operating.

b. DWPF planned glass waste canister production includes both sludge md salt wastes.
c. ~is alternative would require between 14 and 15 vaults; for purposes of impact analysis, 15 vaults we= assumed.
d. Additional saltstone vaults for onsite disposal of processed salt solution.
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Differences in the total nuruber of combined

sludge and salt waste canisters produced fol-

lowing the different salt processing altern-

atives would be small because of the relatively

minor contribution of HLW salt compared to

HLW sludge in the glass waste form. As

many as 16 saltstone vaults irr addition to the

two existing vaults would be required for final

disposal of the low-activity salt solution.

S.7.4 PRODUCT OUTPUTS

The product outputs from the process facili-

ties, includlng high-radioactivity solids slurry

or solution to DWPF, low-activi~ salt solution

to ~orrt, and saltstone generated by the saft

processing alternatives are compared irr Ta-

ble S-3,

The Solvent Extraction tecfnrology would pro-

duce a greater volume of product sent to

DWPF tharr the other technologies because of

the relatively high volume of concentrated

cesiurrr solution it produces. However, vitr’iti-

cation of sludge at DWPF produces most of
the glass volume, Therefore, tie relatively

high volume of cesium solution from the sOl-
vent extinction facility would not affect the
number of canisters produced. Salt solutions

sent to the saltstone facility and the ~out pro-
duced would be about the same for each alter-
native.

In addition to the principal product outputs
specified in Table S-3, the Small Tank Pre-
cipitation process would generate by-product
benzene. About 60.000 gallons per year ‘c
(200 metric tons per year) ~f liquid- be~ene ‘
would be produced by decomposition of the
tetraphenylborate salt irr the precipitation hy-
drolysis process, arrd stored for final disposi- TC
tion, This waste wotid be treated in an incin-
eration facility either on or offsite and dis-
posed irr a permitted disposal facility. L1-11

The Solvent Extraction process wordd require
an organic solvent also requiring final proc-
essing. The solvent inventory for the process
is projected to be 1,000 gallons. DOE conser-
vatively assumes that this inventory would be
replaced once per year, For a facility opera- I Tc
tion time of 13 years, the accurnrdated total
volume of solvent requiring storage for dis-
posal would be 13,000 gallons. This waste
would be treated in an incineration facility
either on or offsite aud disposed in a pernritted
facility,

L1-11

Table S-3. Product outputs for the salt processing alternatives.

Alternative

Small Tank Ion Solvent Direct Disposal TC
Product Output Precipitation Exchange Extraction in Grout

Solids Slrrny (and solution) to
DWPF L1-11

Annual (million gallons) 0.22 0.20 0.68= 0.15
Life cycle (million gallons) 2.9 2.6b 8.8= 2.0

Salt solution to grout
Annual (million gallons) 8 6.6 7.5 5,9
L,fe cycle (million gallons) 104 86 97 77

Grout produced
Annual (million gallons) 15 12 14 11
Life cycle (million gallons) 190 160 . 180 140

a. Includes 0.154 million gdlonaly solids slurry and 0.523 million gallon$yr concentrated cesium solution, assuming no
evaporation%analogous life cycle outputs show.

b. Includes 2 million gallons monosodium titanate sluny and 0.6 million gallons crystalline silicotitanate SIW.
Note: Matetid balance estimates are+ 25 percent.

S-17
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S.7.5 PROCESS FACILITIES

DOE would construct a new shielded facility
to house chemical processing equipment
(tanks, pumps, filter systems) tO implement
any alternative, The facility would be sized
to accommodate large feed storage and
product hold tanks to ensure an average
daily processing rate of 25,000 gallons of
salt solution. The process facilities are more
fully described in Chapter 2 and Appen-
dix A. The l=ge tti would also enable
continuous operation of salt processes by
separating them from the batch processes of
the Td Farm operations. Tmnsfer facili-
ties required to direct the flow of process
streams among the various facilities are de-
scribed in Appendix A.

Because the facilities required for any of the
action alternatives are very similar, this dis-
cussion is relevant to all four alternatives.

New shielded process buildings would be
constructed, regardless nf the salt disposal
alternative selected. The preferred site for
the process buildings for the Small Tank
Precipitation, Ion Exchange, and Solvent
Extraction alternatives is Site B in S Area.
The process building for the Direct Disposal
in Grout altemtive would be in Z Area.
Direct Disposal in Grout would require a
shielded building for the monosodium titan-
ate treatment to remove strnntirrm and acti-
rrides from the salt solution and to provide
enhanced shielding and remote hnndling for
~nut operation, In each case, the process
buildings would be constructed of reinforced
concrete and contain shielded cells desi~ed
to hande highly radioactive materials.

The building specifications would be similar
for each of the four salt processing altern-
atives, albeit snmewhat smaller fnr Direct
Disposal in Grout. Preliminary desigrr di-
mensions are provided in Table S4.

The floor plans and elevations for the salt
processing facilities are presented in Chap-
ter 2 and Appendix A provides more detail.
Each alternative would also require support

facilities, including a service and office building
and an electrical substation. Support facilities
are described in detail in Appendix A.

S.7.6 SALTSTONE VAULTS I ‘rC

As many as 16 additional saltstone disposal
vaults would be constricted in addition to the
two existing vaults in Z Area to support the salt
disposal for each of the alternatives (Figure S-4).
The concrete vaults would be 300 feet long by
200 feet wide by 25 feet high. Each vault would
consist of six cells, 100 feet long by 100 feet
wide. Due to the heat generated during grout
solidification, tie cells in each vault would be
filled in a rotation that would meet gout coolig
requirements. All vaults would be equipped
with cameras and lights to monitor tilling, and
tierrrrocouple assemblies to monitor heat gen-
eration during the caring process. After each
batch of gout was transferred to a vault, mder
each alternative the gout transfer lines, Salt-
stone Hold T* and Grout Feed Prnnps would
be flushed to the vault to remove any residrrd
gout material. As with the original Z-Area

vaults, the addhinnal vaults would be con-
structed at or somewhat below gade and cnv-
ered with soil after vault closrrre for additional
shielding. Figure S-5 illustrates how Z Area
would look afrer vadt closure.

For the Direct Disposal in Grout alternative, 13
additional vaults would be corrstmcted in
Z Area. Because the grout would contairr radio-
active cesirrnr, the disposal procedure for this
alternative would differ from that of the other
three alternatives. Each vadt wodd have a 500-
crrbic-foot-per-minute ventilation system,
equipped with high-efficiency particulate air
filters that would operate to contiol contamirm-
tion drrring the cell-filling process. Radiation
monitors and dampers would be included.

S.7.7 FACILITY DECONTAMINATION
AND DECOMMISSIONING

hy new facility would be desi~ed and con-

stmcted to limit the generation and dispersion of

radioactive and hazardous materials and to fa-

cilitate ultimate decontamination and decormnis-

S-18
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Table S-4. Building specifications foreach action altemative,z
PIocess Alternative

Small Tank Ion Solvent Direct Disposal

Precipitation Exchange Extraction in Grout

Len~h. ft. 310 280 300 220

Wid~h,”fl. 140 140 120

Height, t?. 60(1 00 ft. bay) 60(1 00 ft. bay) 70(110 ft. bay)

Deuth below made, h. 40 40 40

Fl~or Area, fi~z
including processing cells 66,000 60,000 62,000

excluding vrocessin~ cells 50,000 48,000 48,000

Vol”me,ft?’ -
including processing cells 4,500,000 4,200,000 4,500,000
excluding processing cells 3,900,000 3,600,000 3,900,000

Processing cell floor area, ft.z 16,000 12,000 13,000

Processing cell volume, ft? 640,000 550,000 600,000

120
60 (90 ft. bay)

20

54,000
43,000

1,800,000
1,200,000

1I ,000
570,000

a. Building specifications rounded to two significant figures.

sioning or reuse. Areas of the facility that
might become contiated with radioac-

tive or other hazardous materials under nor-
mal or abnormal operating conditions would
incorporate desi~ features to simplify tieir
decontamination. Items such as service
piping, conduits, and ductwork would be
minitized in tiese areas and arranged to
facilitate decontamination. Facility desiq
would include a dedicated area for decon-
tamination of tools and some equipment.

Design features that wordd be incorporated
into the facility include the following

. Modular confinement would be used for
radioactive and hazardous materials to
preclude contamination of fixed portions
of the structure

● Long ms of bmied piping fiat would

cq radioactive or hazardOus materials
would be minimized to the extent possi-
ble, and provisions wordd be included in
the desi~ that would allow testing of
the integrity of joints in buried pipelines

● The faci~ty would be designed to fa-
cilitate dismantlement, removal, md
packaging of contaminated equipment

● Liftirrg lugs would be used on equipment to
facilitate remote removal from the process
cell

. The piping systems that would cq hazard-
ous products would be fully drainable.

S.8 Pilot Plant

After DOE selects a salt processing alternative, a
Pilot Plaut would be designed arrd constricted to
provide pilot-scale testing of process technology
before operation of the Ml-scale facility. DOE

intends to constict and operate a Pilot Plant

ordy for the selected alternative. However, in

the event tit DOE decides to demonstrate more

tharr one technology, the Pilot Plant mrits would

be developed and operated in series. Therefore,

impacts associated with more thmr one Pilot

Pbmt would not occur at the same time, but

would extend over a longer period, The Pilot

Plant would serve primarily to demonstrate

overall process objectives. Laboratory-scale

testing to address the key technical uncertainties

was completed in April 2001, but some uncer-

M4-3
M4- 10
M4-I 1

tainties could not be fully addressed without pi-
lot-scale tests using actual waste from the SRS

I ‘rC

HLW system. The Pilot Plant components
would be sized to operate on a scale from 1/100
to 1/1O of a full-sized facility.
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The Pilot Pkmt would be located in an ex-
isting process area well within the SRS
boundary. Candidate sites include the Late
Wash Facility in H Area (see Figure S-l),
near DWPF irr S Area, or in mother area
near the location of the proposed full-scale
facility.

Detailed design and constmction of the Pilot
Pkmt would be initiated upon selection of
the prefemed salt processing alternative and
operation wodd extend through completion
of fwl design and potentially through
startup of the full-scale facility. Principal
process operations wodd be conducted in-
side shielded cells. Scaled-dew kdware,
instmrnentation, and controls appropriate to
the selected process would be installed. The
tit would use modular designs to facilitate
remote installation and modification of the
process equipment. Services that would be
provided include utilities, process chenricals,
ventilation systems, arrd personnel. An ap-
propriate chemical storage area would be
developed, with isolation of acids, caustics,
oxidzing aud reducing agents, and other
incompatible reactarrts. Ventilation systems
would be operated so that airflow was from
areas of low contamination to those of
higher contamination potential.

Operations would be conducted in accor-
dance with appropriate safety docmnentation
requirements, including provisions for safe
md orderly emergency shutdown. Emer-

gency equipment and procedures would en-
sure tbnt operations were maintained witbin
constmints analogous to those of tie til-
size facility.

The generation and dispersion of radioactive
arrd hazardous materials wotid be rnini-
nrized. Process waste would be disposed of
at appropriate site locations, such as the
HLW Tank Farms, DWPF, Saltstone Manu-
facturing and Disposal Facility, Effluent
Treatment Facility, or LLW vaults. Limited
radioactive material inventories and appro-
priate operating parameters wotid ensure
that the overall environrnenti impacts

would be substantially less than those of the full-
scale facility.

Detailed examples of proposed test objectives
are given in Appendix A.

S.9 Comparison of Environ-
mental Impacts Among
Alternatives

DesiW, constmction, and operation of a salt
processing facility would affect the environment
and human health and safety during the time nf
facility construction and operation, as well as
after operations ceased. For purposes of amly~
sis in this SEIS, DOE has defined the facility life
cycle to be from the year 2001 through about
2023, when salt processirrg would be complete.
This period is used to estimate short-term imp-
acts. For the No Action alternative, short-term
impacts are considered for two time periods
Continuirrg Tank Space Management (until
2010) and Post Tank Space Management, DOE
expects the long-term impacts to be those that
could result after 2023 from the eventnal release
of residual waste from the Z-Area vaults (or
from ti containing salt solution under the No
Action alternative) to the environment. hr this
SEIS, DOE has used modelfig to predict these
long-term impacts.

This section compares the impacts of the No
Action dtemative and the fonr action alterarr-
tives: Small Tank Precipitation, Ion Exchange,
Solvent Extraction, and Direct Disposal in
Grout. The action dtemtives would involve
very similar comtmction and operations activi-
ties that enable a sharply-focused comparison of
impacts to each environmental resource. The
p~ose of tis section is to present impacts of
the alternatives in comparative form to provide
the decision-maker(s) and the public a clear ba-
sis for choesing among the alternatives.

b general, the impacts of constmction aud op-
eration of the action alternatives may be de-
scribed as similar aud not si~ticant. Where
differences appear, many are due to the presence
of bemene in the Small Tank Precipitation alter-
mtive. In the lnng te~ the environmental cOn-
cem would be contamination of ~omdwater

s-2 I
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from the saltstone vaults under the action
alternatives. The presence of 120 million
curies in the vaults from the Direct Disposal
in Grout alternative would be evident in the
long-term impacts, but the impacts of all the
alternatives may still be described as small.

S.9.1 SHORT-TERM IMPACTS

DOE has evaluated the short-term impacts
of the alternatives in Section 4.1 of the
SEIS. These impacts would occur between

approximately the years 2001 and 2023 for
each of the action alternatives. Notable dif-
ferences between the alternatives are shown
in Table S-5. The analysis of impacts snm-
tied here shows that, in general, the dif-
ferences between the alternatives is attribut-
able to the presence of herrzene in the Small
Tank Precipitation alternative sud its ab-
sence from the other aftematives. There are
some processes that are tique to a pmticu-
kir alternative. These are shown in Table S-
5 to point out the differences, but the im-
pacts are small.

There are no notable differences between
alterrmtives and tie impacts are small, in the
following areas:

. Geolo~c resonrces

. Water resources

● Occupational Health and Safety

. Ecological Resources

● Land Use

● Cultnml resonrces

. Tmsportation

These resowces nreas we not discussed fi-
ther here, but a complete assessment maybe
fomd in Section 4.1 of the SEIS.

Nonradiolo@”cal air quali~ – For any of the

four action alternatives, the increases in
pollutant concentrations resulting from cOn-
stmction activities would be small, would
not exceed regulatory fimits, aud are not
expected to result in auy adverse health ef-
fects.

Nouradiological emissions from routine Opera-
tions (with the exception of volatile organic
compounds [VOCS]) would be below regulatory
limits. The Small Td Precipitation alternative
would require additional permit review, whereas
emissions from the other alternatives are either
covered by the existing permit(s) or below the
threshold values.

Radiological air quali& – Radiation dose to the
maximally exposed individual (MEI) from air
emissions associated with the salt processing
alternatives would be Mghest (0.31 millirem per
year) for the Solvent Extinction alternative, due
to the higher emissions of radioactive cesirmrj
which would accomt for 90 percent of the total
dose to the MEI. Dose to the MEI from otker
alternatives would be lower 0.20 millirem per
yea for the Small Tmrk Precipitation alternative,
0.049 millirem per year for the Ion Exchange
altemtive, and 0.086 millirem per year for the
Direct Disposal in Grout alternative, Estimated
dose to the offsite populating would also be
highest for the Solvent Extraction alternative
(18.1 person-rem per year). For the Small Tank
Precipitation alternative, the offsite population
dose wodd be 12.0 person-rem per yew, for the
Ion Exchange alternative, the offsite population
dose wotid be 2.9 person-rem per year; and for
the Direct Disposal in Grout alternative, the off-
site population dose would be 4,0 person-rem
per year. None of these emissions are expected
to resdt in adverse health effects (i.e., latent
cacer fatalities [LCF]; see text box).

Radiological doses to the noninvolved onsite
worker, the involved worker, ad the collective
onsite population from life-cycle operation of
my of the alternatives are not expected to result
in adverse health effects.

Socioeconomic – Each of the salt processing
alternatives, including No-Action, would require

approximately 500 constrrrction workers armu-
ally. Dm’ing operations, the mrmber of workers
for the action alternatives wodd range from 135
for the Ion Exchange alternative to 220 for the
Solvent Extraction alternative. None of the ac-
tion alternatives is expected to have a measur-
able effect on regional employment or popula-
tion trends.



Table S-5. Summary comparison of short-term impacts, (Values in bold indicate alternative with greatest impact on a particular parameter).
NOAction’

Continue Tank Post Tmk Space Small Tank Ion
Parameter

Solvent Direct Disposal
Space Management Management Precipitation Exchange Extraction in Grout

Air Resources

Nonradioiogical air
emissions (toIIs/yr.):

Volatile organic compounds
(PSI) Standard 40)
Nitrogen dioxide
(PSD Standard - 40)
Formic Acid
(PSD Standard NA)
Benzene (PSD Standard NA)
Biphenyl (PSD Standard - NA)
Isopar”L (PSD Standard - NA)

Air pollutants at the SRS bound-
a~(~aximum conc.ntra[iOns-
pg/m ):

Benzene -24 hr.
(Standard 150)
Biphe”yl -24 hr, (Standard -6)

Annual radionuclide emissions
(curies/year): (Doses arere-
ported in Worker and Public
Health

No Change

No Change

No Change

No Change
No Change

None

Minimalb

Minimalb

Minimalb

Minimalb
Minimalb

None

70 1,6 40 1.5

21 21 21 19

1,6” None None None

53
1.1

0.0085
None
None

0.0085
None

38

0.0085
None
None

Minimalb

Mi”imalb
Minimalb

0.0010Sd

o.02d
No Change’

4.0
.6-2g

0.45
5.3

None
18.2

None
25.4

None
9.3F

Section.)
Worker and Public Health-Radiological

Radiological dose and health
impacts;. the public:

Maximally-exposed individud NO Changez Minimalh 0.20 0.049 0.31 0.086
(MEI) (nuendn.)

ME1project.phase latent No Changeg Minimalh 1,3.10-6 3.2x107 2.OX1O-6 5.6x 10“7
cancer fatality
Offsite DODUlatiOn dose No Changeg Minimalb 12.0 2.9 18.1 4.0
(person:rid~.)

OtTsite population prOject- No Changeg Minimalh 0.078 0.019 0.12 0.026
phase latent cancer fatality in-
crease
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No Action=

Continue Tank Post Tank Space Small Tank Ion Solvent Direct 13isposal

Parameter Space Management Management Precipitation Exchange Extraction in Grout

Benzene ceiling No Changeg Minimalh 0.8 0.004 0.004 0.004
(OSHA Standard -15.5 m’)

Formic Acid -8 hr. No Changei Minimalh 2.2.104’ None None None
(OSHA Standard -9 m’)

Socioeconondcs (employment - full time equivalents)

Annual constmction employment None 500 500 500 500 500

Annual opemtiond employment No Change 69 180 135 220 145

Waste Generation

Muimum annual waste getiera-
tion:

Rdloactive liquid waste (gal- No Change No Change 300,000 250,000 900,000 150,000
Ions)

Nonradioactive liquid waste No Change No Change Minimal 34,000 Minimal Minimal
(million gallons)

Mixed low-level liquid waste No Change No Change 60,000 None I ,000 None

(gallons)

Total wrote generation:
Radioactive liquid waste No Change No Change 3.9 3.3 12.0 2.0

(million gallons)

Nonradioactive liquid waste No Change No Change Minimal 0.49 Minimal Minimal
(million g~loni)

Utilities (total life cycle)

Water (million gallons) 435 403 380 289

Construction

Operations

Electrici@ ~igawatt-hours)

Construction

Operations

Steam (million pounds)

COnstmctiOn

Operations

None (k) 35

No Change No Change 400

319

None (k) 76

No Change No Change 243

2,548

None (k) o

No Change No Change 2,548

37 35

366 345

365 391

79 76

286 315

2,300 1,915

0 0

2,300 1,915

33

256

245

73

172

1,536

0

1,536
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Table S-5. (Continued).
No Actiona

Continue Tank Post Tank Space Small Tank Ion Solvent Direct Disposal
Parameter Space Management Management Precipitation Exchange Extraction in Grout

Fuel (million gallons) 8.7 9.3 8.7 8.2

Construction None (k) 8.4 9 8.4 8

Operations No Change No Change 0.3 0.3 0.3 0.2

U.derthc No ActionalternativeDOEwo.ld conthue tispace mmagmmt activitiesmtilapproximately2010,whcntie existingHLWta~s wouldreach c'P``ity. Tbec..rse0f
actiontiat DOEwo"ld p.r$.eafim tiehitial peritiof tispace mmag=ent hasnotbeendetmh&. For-chmsome cv.luated, o.lytiose post tispace mmagementsce-
narios that would be expected to have an impact are included.

Airemissions mdertie No Actimaltative would bestiilm totiose timtieexisthg HLWTti Fmopemtions forallscmtios. Therefore, the No Action altaativeisrepre-
se”ted by slight increases above the baseline.
Formic -id emissions would sbifi from DWPF t. the Small T* pr..iPitati.. f..ili~, ~,.o~g ~.. ..t ~.~..s. i. ~issions.
SRSb.seline concentration atthesitebounti. Emissions tim..g.~g~ 8p...m~.g.m..ta .tivities= e~clud~~~$s value
hdi.n..lide qissio"s komongotig tisp.ce mm.gaent atiivities =hcl.ded tithe site baseline. SRSb.seli.e emissions aIeshow in Table 3-12.
h.l.des b.ildhg $mckmdgo.”d lev.lvault missions. Vaults fortieo&= tieatiim aitm.tiv.s wo.ldhve "om=smble emissions b-ausethe salt$tane prodwedbytiese
action alternatives would have a much lower activity level and the vaults would not be ventilatd.
Under No Action, air emissions during tank space tnanagemmt activities would main at cwent levels, therefore no change h worker and public health impacts would be expected.

For all scenarios under No Action, impacts to workm and pub,c heaob would be expected to increase slightly above the current baseline.
Latent cancer fatalities from benzene from the other alternatives would be substantially less than that from Small Tank Recipitition.
Upto65new mployees wo"ldbe req"ired foropemtion ofmynew HLWttisconsticted udw No Action. Alternatively, DOEcouldsuspmd opemtions atthe DWFand Fand

H Canyons, which, if prolonged, could result in a sizeable workfmce reduction.
DOEcould build asmmym10 new HLWstorage tismder ~eN0Action.ltemative. Utility ~d..,,gy .s. d~.g~ec Ons~ctiOnp eriOdwouldb es~ila't" "'`g`mt`'~dm
the action alternatives.

PSD = Prevention of significant deterioration OSHA= OccupationalSafetyand HealthAdministratim.
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Radiation Dose and Cancer Fatalities

Worker and public health impacts are ex-
pressed in terms of latent cancer fatalities.
TheprimaW adverse health effect ofradia-
tionisan increased risk of cancer. Aradia-
tion dose to a population is believed to re-
sult in cancer fatalities at a certain rate, ex-
pressed as a dose-to-risk conversion factor.
The National Council on Radiation Protec-
tion and Measurement has established dose-
to-risk conversion factors of O.0005 per per-
son-rem for the general population and
0.0004 per person-rem for workers. The
difference is due to tbe presence of children,
who are believed to be more susceptible to
mdiation, in the general population.

DOE estimates the doses to the population
and uses the conversion factor to estimate
the number of cancer fatalities that might re-
sult from those doses. Inmost cases, the re-
sult is a small fraction of one. For these
cases, DOE concludes that no additional
cancers would be expected in the exposed
population.

Waste generation – Salt processing activities
under the action altemat~ves wodd generate
150,000 @irect Disposal in Grout) to
900,000 (Solvent Extraction) gallons of ra-
dioactive liquid waste mually. This radio-
active liquid waste consists of wastewater
recycled from the treatient of the high-
activity portion of the sdt solutions at
DWPF. The solvent extraction alternative
would thus have dre~eatest requirement for
evaporator operation and tank space.

Utilities andener~ consumption –IrI gen-
ernl, dre Direct Disposal in Grout alternative
would consmne the least water, electricity,
and steam compared to the other altern-
atives, which would consume a similar
urnouut of these utilities.

Accidents – DOE evahmted the impacts of
potential accidents related to each of the ac-
tion alternatives (Table S-6). For each action
altemtive, the accidents considered were:

loss of confinement earthquakes; loss of cool-
ing; external events, such as aircraft and heli-
copter crashes; and explosions from bemene and

radiation-generated hydrogen. In general, acci-
dent consequences would be highest for the
Small Tank Precipitation aftemative md lowest
for the Direct Disposal in Grout alternative.

Because the No Action alternative in the short-
term includes pfily cnrrent operations that I““29
have been evaluated in approved safety analysis
reports, ouly the radiological srrd nomdiologi-
cal hazards associated with accidents under the
four action alternatives were evalwted.

IrI general, accidents involving nomadiologicaf
hazardous materials would result in miuimal
impacts to onsite and offsite receptors. How-
ever, noninvolved workers exposed to atmosp-
heric releases of benzene from two of the acci-
dents evaluated nnder the Small Tmrk Precipita-
tion alternative could experience serious or life-
threaterdng health effects. Workers exposed to
airborne benzene concentrations (950 mg/m3)
resulting from an Orgmtic Waste Storage Tank
(OWST) loss of cotilnement accident could de-
velop irreversible or other serious health effects
fiat rnny impair theti ability to take protective
action. Workers exposed to airborne benzene
concentrations (8,840 mg/m3) resulting from an
explosion iu the OWST could experience life-
threatening health effects. Both of these acci-
dents would occnr less dmu once in 100,000
yesrs md are considered extremely unlikely.

Pilot Plant – Under the Small Tank Precipita-
tion, Ion Exchange, ad Solvent Extraction al-
ternatives, DOE would design and construct a
1/1 00 to 1/1O scale Pilot Pkmt to demonstrate
the salt processing technology. No Pilot Pkutt is
needed for the Direct Disposal in Grout altern-
ative because the technology has already been
demonstrated in the existing Saltstone Manu-
factnrirrg and Disposal Facility. Because the
Pilot Plaut would be a scaled-down version of
the salt processing facility, impacts wodd typi-
cally be no more than 10 percent of the fnll-
sized facility,
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Table S-d. Comparison ofaccident impacts among alternatives?

Direct
Small Tank Ion Solvent Disposal in

Frequency Precipitation Exchange Extraction Grout

Accidents Involving Radioactive Materials

Loss of Confinement Once in 30 years

Maximally Exposed Offsite
individual

Dose (rem)

LCF per accidentb

LCF per year

Offsite population

Dose (person-rem)

LCF per accident

LCF per year

Involved Worker (100 m)

Dose (rem)

LCF per accidentb

LCF per yearh

Noninvolved Worker (640 m)

Dose (rem)

LCF per accidentb

LCF per ye=~

Onsite population

Dose (person-rem)

LCF per accident

0.0016

8.2x1 O”’

2.8x IO”*

88

0.044

0.0015

3.2.10”’

1.3.10”9

4.3 X10”11

0.024

9.5 X1O”6

3.2x1 O”’

39

0.016

8.3.104

4.2x1O”

1.4X1O”*

45

0.022

7.6x104

6.4x 10“8

2.6x 10“’‘

8.7x10”’3

0.012

4.9.10’6

1.6x 10”7

20

8.3x10i

4.2x 10“7

I.4X10’8

45

0.022

7.6x104

6.4.10”8

2.6x IO””

8.7x1 O””

0.012

4.9 X1O”6

1.6x10”7

20

0.0080

2.7x10d

2.4x 104

1.2.10”’

4.1.10”9

14

0.0072

2.4x 104

7.3.10”8

2.9x 1O””

9.8x 10”’3

0.0036

1.5XIO”6

4,9 X1O”*

4.2

0.0017

5.7.10”5LCF per year 5.3.104 2.7x 10<

Beyond Design Basis Less than once in
Earthquake 2,000 years

Maximally Exnosed Offsite
fndivid~l ‘

Dose (rcm)

LCF per accidenth

LCF per yemb

Offsite population

Dose (person-mm)

LCF per accident

LCF per year

Involved Worker (100 m)

Dose (rem)

LCF per accidcntb

LCF per year

Noninvolved Worker (640 m)

Dose (rcm)

LCF per accidentb

LCF per yearb

Onsite population

Dose (person-rem)

LCF per accident

0.31

I.5X104

7.6x IO”8

16,000

8.0

0.0040

310”

0.12

6,1 X10-’

9.6

0.0038

1,9.10”6

9,000

3.6

0.12

5.9.10”5

2,9 XIO”8

6,2oo

3.1

0.0016

120

0.047

2.4x 10“’

3.7

0.0015

7.4 X1O”’

3,500

1.4

0.12

5.8x1 O”’

2.9x IO”’

6,100

3.0

0,0015

120

0.046

2.3x IO”5

3.6

0.0015

7.3 XIO”7

3,400

1.4

0.042

2. IXIO”’

1.0.10”8

2,300

1.1

5.7xto4

42

0.017

8.4x IO”6

1.3

5.3.104

2.6x IO”’

1,000

0.41
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Table S.6. (Continued),

Direct
Small Tank Ion Solvent Disposal in

Frequency Precipitation Exchange Extraction Grout

Loss of Cooling to Loaded Once in 5,300
Resin Hold Tanks years

LCF per year 0.0018 6.9x104 6,8 X1O-’ 2.1.104

Maximally Exposed Offsite
Individual

Dose (rem) NA 9.4.1 o“’ NA NA

LCF per accidenth NA 4.7.10”’0 NA NA

LCF per yearb NA 8.9x IO”14 NA NA

OffSite population

Dose @erson-rem) NA 0.052 NA NA

LCF per accident NA 2.6.10”5 NA NA

LCF per year NA 5.0 X10”9 NA NA

Involved Worker (100 m)

Dose (rem) NA 8.8.10”8 NA NA

LCF per accidenth NA 3.5.10”” NA NA

LCF per yearh NA 6.7x10”’S NA NA

Noninvolved Worker (640 m)

Dose (rem) NA 1.4.10”5 NA NA

LCF per accidenth NA 5.7 X10”9 NA NA

LCF per yew~ NA 1.1.10”’2 NA NA

Onsite population

Dose (person-rem) NA 0.023 NA NA

LCF per accident NA 9.0.10”6 NA NA

LCF per year NA I.7X109 NA NA

Benzene Explosion Once in 99,000
in PHCd yem

Maximally Exposed Offsite
Individual

Dose (rem) 0.70 NA NA NA

LCF per accidentb 3.5.104 NA NA NA

LCF per year’ 3.5,10”9 NA NA NA

Offsite population

Dose (person-rem) 38,000 NA NA NA

LCF per accident 19 NA NA NA

LCF per year 1.9.104 NA NA NA

Involved Worker (100 m)

Dose (rem) 0.0014 NA NA NA

LCF per accidentb 5.5.10”’ NA NA NA

LCF per yearb 5.6x 10”’2 NA NA NA

Noninvolved Worker (640 m)

Dose (rem) 10 NA NA NA

LCF per accidentb 0.0041 NA NA NA

LCF per yearb 4.1 X10”8 NA NA NA

Onsite population

Dose @erson-rem) 17,000 NA NA NA

LCF per accident 6.7 NA NA NA
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Table S-6. (Continued).
Direct

Small Tank Ion Solvent Disposal in

Frequency Precipitation Exchange Extraction Grout

LCF per year 6.8.10”’ NA NA NA

Hydrogen Explosion in Once in 1,300,000
Extraction Cell yews

Maximally Exposed Offsite
Individual

Dose (rem) NA NA 0.0029 NA

LCF per accidenth NA NA 1,4.10”6 NA

LCF per yearb NA NA 1.1.10”’2 NA

Offsite population

Dose @erson-rem) NA NA 160 NA

LCF pm accident NA NA 0.08 I NA

LCF per year NA NA 6.1x10”8 NA

Involved Worker (100 m)

Dose (rem) NA NA 2.7x104 NA

LCF per accidentb NA NA 1.1.10”’ NA

LCF per yearb NA NA 8.1x1 O”” NA

Noninvolved Worker (640 m)

Dose (rem) NA NA 0.044 NA

LCF per accidentb NA NA 1.8x10”S NA

LCF per yew~ NA NA 1.3 XIO”” NA

Onsite population

Dose (person-rem) NA NA 70 NA

LCF per accident NA NA 0.028 NA

LCF per year NA NA 2.1.10”8 NA

Accidents Involving Nonradioactive Hazardous Materials

Accidents Involving Sodium
Hydroxide Releases

Caustic Dilution Tank Loss Once in 30 yews
of Confinement

Maximally Exposed Offsite NA NA NA 0.0031
individual Dose (mg/m3)

Noninvolved Worker NA NA NA 0.93”
(640 m) Dose (mg/m3)

Accidents Involving Nitric
Acid Releases -

Nitric Acid Feed Tank LCISS Once ti 30 yean
of Confinement

Maximally Exposed Offsite NA NA 8.8x10-’ NA
Individual Dose (mg/m3)

Noninvolved Worker NA NA 0.026 NA
(640 m) Dose (mg/m3)

Accidents Involving.,.
Benzene Riieasei-”

Or@nic Evaporator Loss of Once in 30 years
Confinement

M=imally Exposed Offsite 0.45 NA NA NA
Individual Dose (mg/m3)
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Table S-6. (Continued).

Direct
Small Tank Ion Solvent Disposal in

Noninvolved Worker
(640 m) Dose (mg/m3)

OWST LOSSof Co”iinement

Maximally Exposed Offsite
hdividual Dose (mg/m3)

Noninvolved Worker
(640 m) Dose (mg/m3)

Benzene Explosion h the
OWST

Maximally Exposed Offsite
Individual Dose (mg/m3)

Noninvolvcd Worker
(640 m) Dose (mg/m3)

Frequc”cy Precipitation Exchange Extraction Grout

130 NA NA NA

Once in 140,000
years

3.2 NA NA NA

950’ NA NA NA

Once in 770,000
yems

30 NA NA NA

8,840’ NA NA NA

NA = not annlicablc LCF = latent cancer fatalitw OWST = Ormic Waste Storage Tank. ...1

a. Accident impacts based on bounding case. -‘
b. Probability of latent cancer fatality (LCF) to the exposed individual.
c. An acute dose of over 300 rem to an individual would likely result in death.
d. PHC = precipitate bydrcdysis cell.
e. Individuals exnosed to sodium bvdraxide concentitions above 0.5 mtim] could experience mild tiansient bealtb ef-

fects (headache, nauseq rash) or-perception of a clearl y defined objec~ionable odor
f. Individuals exposed to benzene concentitions above 480 mgim3 could experience or develop irreversible (kidney

damage) or other serious health effects (dizziness, confusion, impaired vision).
g. Individuals exposed to benzene concentrations above 3,190 mg/m3 could experience or develop life-

theatening health effects, such as loss of consciousness, cardiac dlsrhytbnria, respirato~ arrest.

TC

S.9.2 LONGTERM I~ACTS

Section 4.2 of the SEIS discusses the long-
terrn impacts associated with disposing of
the salt solutions as a saltstone gout in
Z-Area vaults. DOE eskted long-term
impacts by doing a perfomce assessment
that included fate and transport modeling to
determine when certain impacts (e.g., radia-
tion dose) cotid reach a msximnm value.
DOE used the Radiolop”cal Performance

Assessment for the Z-Area Saltstone Dis-
posal Facilip as the basis for analysis of the
long-term water resource and h~ health
impacts. This perfo-ce assessment was
done for the original saltstone that would
have resdted from the ITP process. For this
SEIS, DOE modified tie source terms for
each of the action alternatives.

Analytical results, particularly those at-
tempting to predict impacts over a long pe-

riod of time, always have some uncertainties.
Uncertainties could be associated witi assmnp-
tiorrs used, the complexity and variability of the
process being analyzed, or incomplete or un-
available information. The uncertainties in-
volved in estfiting the lnng-temr impacts ana-
lyzed in this Drafi SEIS are described in Appen-
dix D.

In the Draft SEIS, DOE did not model the
eventual release of salt waste to the environment
nnder the No Action alternative. Instead, DOE
provided a comparison to the modeling results
from the No Action alternative in the High-Lael

Waste Tank Closure Draft Environmental Im-

pact S~atemeirt (DOE 2000). In the Tank Clo-
sure Drafi EIS No Action scedo, most of the
waste would be removed from the HLW tanks
(i.e., approximately 10,000 gullons would re-
main as residusl waste in a 1.3-million-gallon
t~). After a period of several hurldred years,
the remuining waste, 200 cmies of long half-life

L3-2
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L3-;
Lb.’
L7.:

L8-!
L8-1

isotopes and 9,900 cnries of cesium-137

(which has a relatively short half-life of 30

years), would be released tO ~Oundwater

and eventually migrate to snrface water.

The Tank Closure Draft EIS modeling

showed that arr adult resident irr the F-Area

Tank Farm could receive a lifetime dose of

43o millirem @rirnarily from groundwater)

and incur an incremental fisk of 0.0022 Of

contacting a fatal cancer. For comparison,

inthe No Action alternative in the Salt Proc-

essing Alternatives Draft SEIS, DOE as-

smned that HLW would be left in the tauks

and the tanks would be nearly full and that

160,000,000 curies (primarily cesium-137)

iu the salt component mrd 290,000,000 cu-

ries (primarily long lralf-life isotopes) in the

sludge component of the HLW in the stor-

age tanks would be released to ~omrdwater

arrd eventrsally enter stiace water. This

analysis did not take credit for any decay of

tie short half-life radionuclides, particularly

cesium-1 37. Because the activity uder this

scenario (450,000,000 curies) would be

much geater than tie activity (10,000 cu-

ries) modeled irr the Tank Closnre Drafi EIS,

the Salt Processing Alternatives Draft SEIS

stated that long-tern impacts to hur33mr
health resulting from the radiation dose un-
der the No Action alternative would be cata-
strophic.

During the public comment period, DOE
received several comments from the public
(See Appendix C, Letters L3, L6, L7, and
L8) questiorring the description of the No
Action alternative and its impacts. The
commenters generally expressed the opinion
fiat tie long-term impacts of No Action
would be more severe than portmyed quali-
tatively in tie Salt Processing Alternatives
Draft SEIS and requested that the No Action
alternative be modified rmd the long-tern
impacts analyzed quantitatively. One com-
menter suggested that, to be consistent with
the short-tern No Action scenario described
in Section 2.3, the long-term No Action sce-
nario should contain tie consequences of
removiug all the sludge and leaving the salt
waste containing 160,000,000 curies of ac-
tivity (primarily cesirrrn-1 37) in the tanks.

hr addition, several cornrnenters suggested Omt,

by assuming all radionuclides would reach the

public through goundwater, the Salt Processing

Alternatives Draft SEIS missed the largest long-

ternr risk to the public and that DOE should con-
sider the release of HLW to surface inn-off.

fn response to these conurrents, for this Firml
Salt Processing Alternatives SEIS, DOE mod-
eled the potential impacts of a scenario irr which
precipitation leaks into the tanks, causi33g them
to overflow and spill their contents onto the
grorrrrd solace, from which contaminants mi-
grate to sorface streams,

DOE estimated that the salt waste in the HLW
tarrks now contains about 160,000,000 curies,

aPPrO_tely 500 curies of long half-life iso-
topes (e.g., techrretiurn-99, iodine-129, arrd plu-
tonirnrr-239), and tie balance short half-life iso-
topes, primarily cesiurrr-1 37, which has a half-
life of 30 years. Radioactive decay during the
100-year period of institutional control would
reduce the activity level to around 16,000,000
curies.

To conservatively estimate the consequences of
this scenario for water users, DOE modeled the
eventual release of the salt waste to surface wa-
ter at SRS, assuming no loss of contaminants
during overkind flow. The modeling showed
that an individual consmuing 2 liters per day of
water from Fourmile Branch would receive a
dose of 640 millirem per year. Tkis dose is
more ti 160 times the drinking water regrda-
tory limit of 4 millirem per year and would re-
sult irr a 2.2 percent increase in the probability of
contracting a latent cancer fatality from a
70-year lifetime exposure. Similarly, an indi-
vidual consmning the same amount of water
from Upper Three Runs would receive a dose of
295 millirem per year, and mr individual con-
suming the sar3re amount of water from the Sa-
var3nab River would receive a dose of 14.5 rnil-
Iirem per year, These doses also exceed the
drinking water limit and would incrementally
increase tie probability of contracting a latent
cancer fatality from a 70-year lifetime exposure
by 1.0 percent and 0,051 percent, respectively.
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For the No Action alternative, DOE also

considered potential external radiation expo-

sure from the td overtlow scentio de-

scribed above for a resident in the ti farm
area, conservatively assuming that all con-
ttination is deposited on the growd sur-
face rather Orm flowing to streams or en-
tering the wderlying soil. The modeling
showed that an individual living in the tank
farm would receive an external dose of
about 2,320 rem irr tie first year following
the event, which would result in a prompt
fatality.

DOE expects that those two scenarios bourrd
the potential impacts of the No Action alte-
rnative. This is consistent with resdts of a
multipatiway exposure analysis for the
Z-Area vaults, which showed that the exter-
nal radiation dose arr individual would re-
ceive from cesium-13 7 is considerably
geater than doses arr individual would re-
ceive from other exposure pathways (e.g.,
driting water).

The impacts to air, geologic resources,
~ourrdwater and sufiace water, ecological
resowces, md lmd use from my of the ac-
tion alternatives wotid be very small and
would not differ among dterrmtives. The
No Action alternative would adversely af-
fect surface water, ecological resources, and
Imd uses. The impacts to public heaIth are
discussed in the following paragaphs.

Public health – DOE evaluated the long-
term impacts to public health, using the
methods developed in the origirml radiologi-
cal performmce assessment prepared for the
Z-Area Saltstone Manufacturing and Dis-
posal Facility. This included determining
concentrations in gomdwater and radio-
logical doses from those concentrations, ra-
diological doses from crops gown on the
vardts, doses from living in a home con-
stmcted on the vaults 100 yem after clo-
sure, and doses from livirrg in a home on the
vardt site 1,000 years after closure.

The differences in calculated concentrations and
doses among the action alternatives are a furrc-
tion primarily of the differences in composition
of the saltstone by alternative. The Small Ta&
Precipitation alternative would produce a salt-
stone that is very similar to that origimlly
plarrned. The Ion Exchmrge alternative would
result in a saltstone with slightly more concen-
trated contmrrirrmts, thus causing ~eater imp-
acts. The Solvent Extraction alternative would
produce a saltstone with slightly lower contami-
miut concentrations, resulting in smaller impacts.
The Direct Disposal in Grout alternative would
produce sdtstone with radioactive cesiurn con-
centrations -y times higher thm the other
alternatives, but with ordy slightly higher con-

centrations of other contmninmts.

As shown irr Table S-7, the Direct Disposal in
Grout alternative results in higher doses arrd
~eater health effects over the long term Omrr the
other action alternatives. However, in all cases
the projected mnnber of latent cancer fatalities is
very much less thm one md DOE does not,
therefore, expect any alternative to result irr ad-
verse health effects over the long term.

As discussed above for the No Action alterrm-
tive, m individual consuming 2 liters per day of
water from Forrrmile Bmnch would receive a
dose of 640 millirem per year. This dose is
more thm 160 times the Hng water regula-
tory limit of 4 millirem per year md would re-
sdt in a 2.2 percent increase in the probability of
contracting a latent cancer fatality from a 70-
year lifetime exposure. While a 2.2 percent in-
crease is low, the probability of contracting a
latent cmcer fatality mder the No Action alter-
native is about 13,000 times geater than that of
ay of the action alternatives.

For the No Action alternative, m individud liv-
ing in the tank farm area would receive m exter-
ml dose of about 2,320,000 millirem in the first
year following the event, which would result in a
prompt fatality.

L6-5
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Table S-7. SumaWcomparison oflong-tem impacts bysaltprocessing alternative. Boldindicates
the alternative with the Weatest impact for a particular parameter.

Small Tank Ion Solvent Direct Disposal
Parameter No Action Precipitation Exchange Extraction in Grout

NA 29 31 26 33Nitrate concentration at 100-
meter well (mg/L)a

Radiation dose (millirem per
year) from 100-meter well

LCF from 100-meter well’

Radiation dose from Agricultural
Scenario (millirem per year)

LCF from Agricultural ScenarioC

Radiation dose from Residential
Scenario at 100 years pOst-
closure (millirem per year)

LCF from Residential Scenario
at 100 years post-closurec

Radiation dose from Residential
Scenario at 1,000 years pOst-
closure (millirem per year)s

LCF from Residential Scenario
at 1,000 years post-closure

—

640b

0.022’

NA

NA

2,320,000d

1.16[

NA

NA

0.042 0.044

1.5.10”6 1.5 X10-6

110 130

3.9 X10”3 4.6x10”3

0.11 0.13

3.9X106 4.6x 10“6

69 80

2.4x IO”3 2,8.10”3

0.038

1,3.10”6

110

3.9 X10-3

0.1

3.5 X10”6

65

2.3x10”3

a,
b.
c.
d.
e.

f,

g

Nitrate MCL is 10 mgiL.
Based on consumption of contaminated sutie water at Founnile Branch.
Health effects are exnresd as lifetime (70-vear) individti probability of a latent cancer fatality.

0.048

I.7X10”6

140

4.9 X1O-3

I ,200e

4.2x10-2

85

3.OX1O-3

Based onextemal radiation intheweaofth~@kfm.
~e external dose for direct disposal in grout alternative in the 100-year scenario is primarily due to .esium- 137 (half-
life30years). Forallotier alternatives adscentios, tieextemal doseisprimtily duetothe imtopestith longhalf-
Iives.
Probability ofan LCFprovided forcomparison. ~eextewl mdiation dose tiom No Action would result inprompt
fatalities.
External radiation doses at 1,000 yem post-closure are higher than doses 100 years post-closure because a layer of soil
toumvide adeauate shieldin~is assumed to represent in the 100yemscentio, butisassumed tObeabsentin~e
l,ooo year scenario. -

LCF = latent cancer fatality.
NA = not applicable,
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Table S-S. Primer oftecticd tems(other scientific temsare defined intbeglossaW).

Actinide
Anymember of the Woupofelcments with atomic numbers fiom89(actinium)to ]03(lawencium), including
uranium and plutonium. Allmembers ofthisgroup are radioactive.

Back extraction
Tmnsfer ofextracted constituent inorganic phase tosecon&~aqueous phseinsolvent extinction process. As
used in this SEIS, this process serves to recover separated radioactive cesium for delive~ to DWPF.

Benzene
Benzene, the simplest aromatic hydrocarbon compound has the chemical formula C6HC. Benzene is a toxic,
flammable, andpotentially explosive substance that must be safely controlled. Itisgenerated bythe catalytic
andradiolytic decomposition of the reagent tetraphenylborate, formerly used in the In-Tank Precipitation proc-
essandcwently projected foruse in the Small TaAPrecipitation Tetmphenylborate salt processing alternative.

Catalyticdecomposition
A chemical reaction in which a compound is broken dow into simpler compounds of elements is the presence
of a catalyst.

Caustic
Analbline solution contacting so&umhydroxide orother light metal oxides, SRSHLWsolutions are caustic
solutions.

Caustic Side Solvent Extraction
A technology alternative for processing the HLW salt solution to remove radioactive cesium by transfer to an
immiscible organic stream, from which it is recovered into a secon&ry aqueous stream for vilification at the
Defense Waste Processing Facility. Be fore thecesium isremoved fiomthe salt solution, mdioachvestiontium
and actinides are removed by sorption onto monosodium titanate and vitrified in DWPF. The remaining low-
activity salt stream is immobilized in grout and disposed of as saltstone in onsite vaults.

Cement
A buildlng material made by grinding calcined limestone and clay (silica, lime, and nther mineral oxides) to a
fine powder, which can be mixed with water and poured to set as a solid mass or used as an ingredient in mak-
ingmortar orcorrcrete. Asusedin this SEIS, aningredient ofsaltstone.

Centrifugal contactor
A device used in the Solvent Extraction salt processing alternative to separate cesium from HLW salt solution.
Aqueous waste enters thecontactor adismixed with inorganic solvent, which exmactsthecesium. The two
liquids arethen separated bycentifigal force inarapidly rotating imerchamber of the device. Thecesiumis
recovered by back extraction from the organic solvent into a secondary aqueous phase in another centifigual
contactor.

C~staUine silicodtanate

Insoluble granular inorganic solid (Na~SiO~eTiOZ) ion exchange material developed through a Cooperative Re-
search and Development Agreement between DOE and private industry. Provides capability for removal of
cesium from acid or alkaline salt solution containing high sodium or potassium concentrations. CrystaOine
refers to being, relating to, orcomposed of crystal or crystals.

CrystallineSilicotitanateIon Exchange
A technology alternative for processing HLW salt solution to remove radioactive cesium by absorption onto a
siliconate ion exchange resin that would be incorporated into a glass waste form byvihification in the Defense
Waste Processing Facility.

Decomposition
The process by which a compound is broken dom into simpler compounds or elements by chemical or physical
reactions.
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Table S-8. (Continued).

Direct Disposal in Grout

L6- 15 A technology alternative for processing the HLW salt solution without removal of radioactive cesium by immo-
bilization in grout for onsite disposal as saltstone. Radioactive strontium and actinides are removed prior to
disposal and vitrified in DWPF.

Exfractant
A component of the solvent used in the sOlvent extraction prOcess tO facilitate the remOval Of mdiOactive cesium
from HLW salt solution.

Final design
In the final design phase, the emphasis has shifted almost completely from the qualitative aspects of the process
to the quantitative. Major process vessels are sized, and initial valve counts are often completed. By the end of
this phase, a preliminary piping and instmmentation diagam typically will be cOmplete, and brOad considera-
tions of facility site design will have been concluded. Opportunities for major process changes are few at this
stage, but preliminary cost estimates (on the order of+/- 30”/0) and economic analyses can be produced.

Fission Product
Nuclei (fission fragments) formed by the fission of heavy elements, plus the nuclides formed by the fission
fragments’ radioactive decay.

Flyash
Fine particulate matter produced by the combustion of a solid fuel, such as coal, and discharged as an airborne
emission or recovered as a bflroduct for various commercial uses. It is an ingredient in saltstone to limit water
infiltration by decreasing porosity.

Grout
A fluid mixture of cement, flyash, slag, and salt solution that hardens into solid form (saltstone)

High-level radioactiv~waste (HLw
Based on the statutory definition in the Atomic Energy Act (which references back to the Nuclear Waste Policy
Act for the definition of “high-level radioactive waste” and “spent nuclear fuel”), HLW is defined by DOE to
mean the highly radioactive waste material resulting from the reprocessing of spent nuclear fuel, including liq-
uid waste produced directly in reprocessing and any solid material derived from such liquid waste that contains
fission products in sufficient concentrations; and other hlgbly radioactive material that is determined, consistent
with existing law, to require permanent isolation. DOE has not defined “sufficient concentration” of fission
products or identified “other bighl y radioactive material that requires permanent isolation.”

HL W components
The HLW from the SRS chemical separations process consists of water soluble salts and insoluble sludges. The
sludges settle to the bottom of the HLW tanks, The salt solutions are concentrated by evaporation to reduce
their volume, forming a solid saltcake and a concentrated supematant salt solution in the tanks.

Ion exchangdon exchange resin
The process by which salts present as charged ions in water are attached to active groups on and in an ion ex-
change resin and other ions are discharged into water, allowing separation of the two types of ions. Ion ex-
change resins can be formulated to remove specific chemicals and radionuclides from the salt solutions in the
HLW tanks.

Isotope
See mdionuclide.
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Table S-S. (Continued).

Low-1evel radioactivewaste (LL~
LLW is radioactive waste that does not meet the definition of high-level waste, transuranic waste, spent nuclear
&el, or by-product tailings fiomproccssing ofumnium or thorium. LLWtypically contains small amounts Of
radioactivity dispersed in large amounts of material. Some LLW requires shielding during handling and trans-
potiation tominimizc personal exposure, The SRSgenerates LLWinboth solid andliquidfoms.

Monosodium titanate
Water-insoluble inorganic substance (NaTi05H) used to remove residual actinides (uranium, plutonium) by
adso~tion and fission product strontium byionexchange from waste salt solutions.

Prec@itation (chemical)

Conversion of a dissolved substance into insoluble form by chemical or physical means.

Radiolytic decomposition
A physical process in which a compound is broken down into simpler compounds or elements. from the absorp-
tion of sufficient radiation energy to break the molecular bonds.

RadionucIid&sotope
Aradlonuclide isanunstable isotope thatundergoes spontaneous ~nsfomation, emitiingmtiation, An isotope
is any of two or more variations of an element in which the nuclei have the same number of protons (i.e., the
samcatomic number), but different numbers ofneutrons sotbat their atomic masses differ, Isotopes ofa single
element possess almost identical chemical properties, but ofien different physical properties (e.8., carbon-12

and -13 are stable, carbon-14 is radioactive).

Reagent
A substance used in a chemical reaction to detect, measure, examine, or produce other substances

Resin
See Ion Exchange

salt
Salt components of tbe HLW consist of water-soluble constituents that do not separate from the solutions in the
HLWtanks. Thesalt components consist principally ofso&um ti~ate, withradlonuclide contents being mainly
isotopes of cesium and technetium.

Saltcake
Solid, crystalline phase of the salt component in HLW tanks that fores as a result of dewatering by evaporation
of the supematant,

Salrstone
Cementitious solid waste form that uses a blend of cement, flyasb, and slag to immobilize low mdioactitity salt
solution for onsite disposal.

Salt supernatant
Highly concentrated solution of the salt component in HLW tanks.

slag
The vitreous material left as a residue by the smelting of metallic ore; used as an ingedient in saltstone

Sludge
Sludge components of HLW consist of tbe insoluble solids that have settled to the bottom of the HLW storage
tanks. Wdionuclides present inthesludge include fission products (such as Sr-9O) andlong-lived actinides.
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Table S-8. (Continued).

SmaIl Tank TetraphenylboratePrecipitation
A technology alternative for processing HLW salt solution to remove radioactive cesium by precipitation as an
insoluble tetrapbenylborate salt concurrcntl y with removal of radioactive strontium and actinides by sorption
onto monosodium titanate. The process would be carried out by continuous reaction in small process vessels to
limit benzene formation caused by tetraphenylborate decomposition. These solids are vitrified in the Defense
Waste Processing Facility and the remaining low-activity salt solution is immobilized in grout and disposed of
as saltstone in onsite vaults.

Sodium tetraphenylborate
An organic reagent used to remove cesium, potassium, and ammonium ions from a salt solution by precipitation
of an insoluble solid. The chemical formula for sodium tetrapbenylbomte is Na(C6HS)4B. This reagent was
used in the ITP process to separate radioactive cesium from HLW salt sOluti On, fO~ing insoluble cesium te~-
phenylbomte. It would be used for the same purpose in the Small Tank Precipitation salt processing alternative.

Solvent
A substance in which another substance is dissolved, forming a solution. It may also refer to the substance,
usually a liquid, capable of dissolving another substance.

Solvent extraction
Solvent extraction is a process to separate a constituent of an aqueous solution by transferring it to an immisci-
ble organic phase. It is used to sepnrate radioactive cesium from HLW salt solution.

Sorbenflorption
A material that sorbs another substance; (i.e., that has the capacity or tendency to take it up by either absorption
or adsorption). Sorption is the assimilation of one substance by a material in a different phase.

Tetraphenylbomte Precipitation
Process used to separate cesium constituents from HLW salt solution by formation of insoluble solids. The
process is projected for use in the Small Tank Tetraphenylborate Precipitation salt processing alternative.

Vitrifi~tri#catiOn
The process of converting the high-level liquid nuclear waste currently stored at the SRS into a solid glass form
suitable for long-tern storage and disposal. Vilification, the preferred option for immobilizing high-level ra-
dioactive liquids into a stable, manageable form for disposal in a geologic repository.
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